Conjugated polymer sensor SP1
Figure S1: Synthetic strategy for preparing the conjugated polymer sensors SP1 (A) and SP2 (B) via Ni-mediated Yamamoto coupling and subsequent deprotection of the carboxylic acids.
The synthesis of homopolymer poly[9,9-bis(tert-butyl-3-propanoate)fluoren-2,7-yl] is performed via nickel(0)-mediated Yamamoto polymerization, 1,2 see Fig.S1A . Ni(COD) 2 (550 mg, 2 mmol) and 2,2-bipyridyl (312 mg, 2 mmol) were placed in a 50 mL two neck roundbottom flask in a glove box. Dry dimethylformamide (3.5 mL) was added into the flask and purged with nitrogen at 75 • C. 1,5-cyclooctadiene (COD, 245 L = 2 mmol) was added dropwise and the mixture was stirred for 1 hour. The monomer 2,7-dibromo-9,9-bis(3-(tertbutyl propanoate)) fluorene (0.55 g, 1 mmol, Mon1) was dissolved in anhydrous toluene (6 mL) in a separate flask and purged with nitrogen, after which it was added to the reaction vessel dropwise. The reaction was allowed to proceed for 9 hrs under inert atmosphere. The chains were end-capped by injecting 1-bromo-4-ethynylbenzene (181 mg, 1 mmol) dissolved in anhydrous toluene (2 mL) into the reaction vessel. The product is purified by precipitation and extensive Soxhlet extraction against MeOH, hexanes and acetone, after which it is obtained as a yellow solid (310 mg, 56%); from GPC we find M w = 16.7 kg/mol and PDI To obtain the carboxylated water-soluble polymer poly[9,9-bis(3-propanoate)fluoren-2,7-yl] sodium salt (SP1), the propaonate-side chains were hydrolyzed using trifluoroactic acid in DCM followed by a second hydrolysis step using Na 2 CO 3 in water to ensure full conversion.
The polymer was purified by dialysis against Mill-Q water for 3 days. SP1 is obtained after 
Conjugated polymer sensor SP2
The synthesis of copolymer, poly[9,9-bis(tert-butyl-3-propanoate) fluorene-co-4,7-(2,1,3-benzothiadiazole)], was performed using the same procedure as above, 
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For the homopolymer SP1 we find an average PL lifetime 500 ps for the flexible and twisted native configuration of the polyfluorene-derivative; this decreases to 200 ps when it is stretched into planarization (Fig.S3 ). The reduction in lifetime with chain alignment is also observed in solid films of polyfluorene, and is likely due to the increased efficiency of exciton migration along the conjugated chain when out-of-plane rotations are restricted.
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We note a gradual decrease in quantum efficiency as the viral coat protein binds to the mechanosensor SP1. We determine the quantum efficiency of the native, uncoated, SP1 against an anthracene standard, to be 69.1%, which decreases to 9.8% for the fully encapsulated chain. This quenching results from the changes in local solvent polarity as a chain transfers from its aqueous solution to the dense environment of the capsid. As we use only the ratio of intensity of 2 vibronic transition within the same spectrum, changes in average quantum efficiency are divided out, such that our data are not effected by the quenching effect.
Recombinant protein C − S 10 − B with a repeating G-Xaa-Yaa collagen sequence motif, in which the Xaa and Yaa are chosen to be very hydrophylic 6 such that this block adopts a random coil structure with a radius of gyration of 7 nm, without any secondary structure; 7 ii) at the other side, an electrostatic binding block B = K 12 composed of 12 lysine residues and iii) a central block that consists of a silk-like sequence S 10 = (GAGAGAGQ) 10 that provides cooperativity by folding and stacking into filamentous structures with a characteristic β-roll structure, in which the glutamine residue (Q) resides at the corners of the folded turns. Protein and sensor polymers were dissolved separately in water at pH = 8.6, adjusted with NaOH. Protein solutions are incubated at 60 C for at least 15 mins to ensure a unimeric state prior to mixing with the molecular sensor templates. Samples were rapidly mixed by vortexing for a few seconds, after which the sample was immediately transferred into quartz cuvettes, sealed to prevent evaporation over the course of the experiment and placed into the spectrometer to start the measurements. cationic charges on its binding domain, to achieve f + = 0.5 at this template concentration, we add 6/12 = 0.5 µM of protein.
Langmuir-and Hill-adsorption on a quasi-linear template
Consider a quasi one-dimensional adsorption problem in solution, where dissolved molecules can reversibly bind to polymeric template molecules also present in the fluid. Let the overall mole fraction of adsorbate molecules be x a and that of the template molecules x t . Each template molecule has M binding sites. The solution of adsorbate molecules and template molecules is dilute, so x a 1 and x t 1. The adsorption process is characterised by two steps: i) random adsorption of adsorbate molecules from the solution onto the template molecules and ii) reversible co-operative association of already adsorbed molecules.
Let η(t) denote the mean fraction of the M binding cites blocked by co-operatively bound molecules at time t. Of the remaining (1 − η(t))M sites, a fraction θ(t) is blocked S7 by randomly adsorbed molecules. The randomly adsorbed molecules do not interact other that they block binding sites. At time t = 0 the molecules and naked templates are brought together, implying that η(0) = θ(0) = 0. The fraction free adsorbate molecules x f a (t), which depends on time, must be equal to x a at zero time. Conservation of mass dictates that at all times,
The time evolution equation for the random adsorption obeys
with L + and L − the forward and backward adsorption rates. The last term represents the co-operatively bound adsorbate molecules absorbing or shedding monomers.
For the random adsorption, we presume a Langmuir isotherm to hold. For the Langmuir isotherm to hold we insist on
with with K L a dimensionless binding constant. Setting dθ(t)/dt = 0 and dη/dt = 0 in Eq.
This makes the ratio of the forward and backward rates not only a function of the stoichiometry of the solution but also time dependent.
The reversible co-operative binding we presume to follow the Hill equation of state, so
with n ≥ the so-called Hill co-efficient and K H a dimensionless binding constant associated with the co-operative binding. Note that for n = 1 we retrieve the Langmuir isotherm. If n = M the binding will be extremely co-operative provided M 1.
This means that the forward and backward rates H + and H − , describing the co-operative binding kinetics
depend on the concentration θ of free adsorbed molecules on the templates. To obtain
Hill-type adsorption, we must impose
as can be checked by setting dη/dt = 0 in Eq. (6) and insisting on Eq. (5) to hold.
Notice that we presume that the co-operatively bound molecules can only leave the tem- 
with r ≡ M x t /x a the stoichiometric ratio. Under conditions of excess adsorbate molecules,
It is instructive to rewrite the kinetic equation for the Langmuir adsorption in terms of the mass action variable X a ≡ K L x a and a dimensionless time τ ≡ L − t,
Note that in the limit of excess adsorbate molecules, r → 0, we have f → 1. In that case and the isotherm transforms to θ 0 = X a /(1 + X a ), where θ 0 ≡ lim t→∞ lim r→0 θ(t). So, the value of X a sets the maximum value for θ we can obtain in equilibrium. Half the sites not occupied by Hill-type bound particles occurs for X a = 1.
The kinetic equation for the Hill adsorption can also be cast into form amenable to more obvious physical interpretation,
with α ≡ L − /H − the ratio of the Langmuir and Hill backward reaction constants, and a second mass action variable X θ ≡ K H θ 0 . The value of α dictates which of two types of kinetics predominates: Langmuir or Hill. If α 1 we expect Langmuir adsorption to commence before Hill adsorption takes over, and if α 1 the reverse should be true.
Note that in the limit t → ∞ and r → 0, The total fraction of adsorbed molecules is equal to [η(t) + (1 − η(t))θ(t)] r, and hence the fraction of occupied sites is probed by the combination F (t) ≡ η(t) + (1 − η(t))θ(t). If adsorbed molecules engaged in Langmuir and Hill adsorption in a measurement probing the occupied fraction of sites produce different signals, one may weight them with a weighing factor w, defining a weighted fraction of occupied sites, F w (t) = w ≡ η(t) + (1 − w)(1 − η(t))θ(t).
Numerics using the Runge-Kutta approach
To solve the coupled differential equations of the Langmuir and Hill processes, we use the Runge-Kutta approach. 9 The starting point is the system at zero coverage of the template S10 chains, whose subsequent evolution is described by the Langmuir and Hill equations: η = f (η, θ) η(t = 0) = η 0 η = f (η, θ) η(t = 0) = η 0
We evaluate the functions at small time increments t + δt using increments given by the known time derivatives of the functions; while the functions do not depend explicitly on time (m = t/δt), we take δt as small as possible to increase the accuracy of the numerical results:
in which This allows us to couple the two governing functions and to calculate the k and r coefficients with high accuracy. S11
